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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a gas shield 
welded joint superior in strength and toughness. 

SOLUTION: A high tensile strength steel of a thickness t 
of at least 50 mm, tensile strength TS of at least 900 
MPa class is welded by the gas shield arc welding 



method, welding conditions of the gas shield arc welding 
and the welding wire being used are adjusted so that a 
surface width W1 (mm) and rear face width W2 (mm), a 
cross-sectional area S (mm2) of a weld metal at a cross 
section of the welded joint and the tensile strength TSw 
(MPa) of the weld metal satisfy inequalities W2<W1<0.45 
t, S/t2<0.4 and 0.95 TS+300 S/t2-135<TSw<0.95 TS, 
respectively. 
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(54) 900MPa«-hiBy¥WB3S*iH«C9^X->-JI/H7-^^S^ 



(57) [f?£>] 

»f*T* 4, 900MPa&J£l*lffi5K7j8a«O2rx 

t : 50mm«L±, 5I5S5SST S : 900 
MPa W±<O900MPaiitJf: l$Ef5fi?J$H£* -> - ;u KT — 

m<7>mwmwi (mm) , *MBW2 (mm) W2<W 
K0.45t£, >§«#)S<7)BfSmS (mm* ) **, S/t 

2 <o.4 i/iu ^o«ft^«ogigi!ft$TSw 

(MPa ) rt\ 0.95TS+300 S/t 2 -135 <TSw < 
0. 95TS J: Tt-, ^•>-A-K7-?»»* 



(2) #gg 2 0 0 1 - 1 1 4 8 

; 2 
mftm*<7>mm] *m^mmms (mm 2 ) t^tie (2) *n*rtims. 

[»*Jll] «ff t : SOm&.±.. 3ISftSig£T S : 900 U ri*ojg!6&JR05l3RBl$TSw (MPa ) **TIB 

ll»a ^±O900MPaWJii»l9ft»SR*SI«**"Xv-n, K (3) ^imiii:, ^->-^K7-?SSi 

UiJtt*i§^JSO*B*SWl (mm) . SW3W2 (m 2>90QHPa&±.&m&lfcmj]mffi.<DlfK •>-«, b'T- 1 & 

m) t5*TIE (1) 5££, ff«MK^ffK1BU^tt«S«ft * **fto 

IE 

W2<W1 <0.45t ( 1 ) 

S/t 2 <0.4 (2) 

0.95TS+300 S/t 2 -135 <TSw <0.95TS (3) 

ZZIZ^WI : jgftS<0$i4e (mm) ^XSr-g-trArfcHeOffi'g-^Xti-^wfcSr^t-r^BB* 
W 2 : if «#^<0*®"B (mm) JR 2 UIE|)c^900MPaWJii®J9ft&?fi;fj$i1£<D #X -> - A- 

S : i§e#^cofflfH« (mm 2 ) K7-?ii7)S. 
TSw : jf«&^<0?|?ft5i$ (MPa ) [tt#*4] «ME»»7 

TS : »«C0?|?g?i$ (MPa ) C : 0.07%WT, Si: 0.2 -0.5% . 

t :ffl*£<75«J¥ (mm) Ni :2.5 -4.0 %, Ti : 0.01-0.05% 

2 ] frie^'x -> — ;u K7-? m 0:0. 007 %UT 

5fcff£tfc£l0' &.T<0\jmitzlivm<7)&ffl9cWAiitL, S«bK, Mn, Cr, Mo, V, £ J: IKCuO n *> <b 

y-*F*"X5r, 5%J-jLL<DC02 #X £#tMr 2fX t Ml£ ft£ 1 tt* £(i 2 ttJ^±*Tgfi ( 4 ) sST'Se&S ft 

U i§©A&£l0-40kJ/cmti-&C,k£!$gfct-f 20 &0ti?^fiCeq54 i O.8O-1.1Ot J: o U-£*TL, 
*g 1 (;fEi£m00MPaU±igUPft £SSl7jif?«0 v - Fe.fc <t oq^Stt^Mlft;*' ^ & & C t 1 1" & fj}* 

;P KT-i'jtS^fto JH4-v>L3 cO^Tft7HifE*cO900MPaJil±f£l¥l*]ii!3fi 

[ffi*JS3] #rie > — ^ W*, 5%J3l±<OC02 2f3S IjmWLtoif* K7-?iff«7jife. 

IE 

Ceq=C+Mn/6+Cr/5+Mo/5+ V/5+NI/15 +Cu/15 (4) 

.ICIC, C, Mn, Cr, Mo, V, Ni, Cut &7tm<V^mM ★ [Wf**5] frlE9OOMPaJ3L±^)?l*l]S5?i7Jli«-0 5 \ K 
(K»%) * »%T% 

C : 0.07-0.16%, Si : 0.20%jy.T, 

Mh: 0.6 -1.2%, P : 0.010 %11T, 

s : 0.005 %WT, Cu : 0.5 %&t\ 

Ni : 1.0 -4.0 %, Cr : 0.3 -1.2 %, 

Mo: 0.3 -0.8%, v: 0.01-0. 1 %, 

Nb: 0.005 -0.03%, Al : 0.015 -0.10%, 

B : 0.0005 - 0.0020%, N : 0.005 %JBLT 

*-T^Ci:S:#mt-r4ffi*Jil &^L.4<Z>^-ffttf>K 44i&*-e#*-7^ (MAG) t 1 V (TIG) 

IE<KO900MPam±ffi)f ^S55R7J*«<0*-Xv-;w KT— K7 So 

?ifrl£*&o [0 0 0 3] ?-?&gU<tft(f, «&&JK*«> 

[0 0 0 1] 40 5-tt4ilSiI?:W;tA s fH„ L»L> gfi 

[HHUOJK-f -SJiffifrH 1 ] *S£W(±, 9l3RSfe$ : 900MPa JM^m^hitT 1 < "b^^itftO^flE 

JA±O900MPaW±iffil?^i«5R7J^«O*-X KT- ftTfcO, SSJSXa^ «jSr*»c,li, -7 

\ztefrtzm£m%-<onm t *It!£%if*i'-)i> b'T-?m Tt±, 5ft«ji*K< &fttf&4JiW&*»Kftffi«ftri t » 

[0002] £<> wfc*, wv»3*se** 

iS«7jft^Sffl?ftTv^ 0 ^tiffljSSot^-c, 31 [0 0 0 4] coii^cti^, 54*, tttt, 

a»?jJ*900MPaJa±<Oia*a*fli«4:»»i-4»tCli, 50 &|ft14<7>|6]±£@ffti LT, ft*0]lE3MjaUSiiF**m 



-2- 



(3) 



1IPI2 0 0 1 - 1 1 4 8 



;tKr-> s ft t v > a o 

[0 0 0 5] S fc, 4#lfflBB61 -135499 ^SltCli, Ni£ 
3.51%J£Ltig*nU $<b(CV*iS*aLT, VUi&Wai 

i# * g&sfi um m u x -> - * k t - * $ 

#Bfl¥7-276080-f-£?flit-(±, C, Si, 
Mn, Cr, MoSrS^&l&i: LT, Ti t V £1££-?3stra U $ 70 

e> un taiaisp it, Ti t v \z i. % «f mafi: t n k «t 
mm-? rmmtmtmm s ft -c v » * „ 

[0 0 0 6] L^L4?!> J <b, 1f&BB63-32558-f-^, # 
H s F7-27608(H9-^(-IB*$ixfcft*Ui3lt.6 <t 0 

tCTi tNb**v»(±Ti t V, NZ&i 

u«jo+*t, tM^JK *ws*J!S'fb-e # * 

istt * * -r & i#« * f» & z. t i) * -e * 4- ^ k ^ n mm, 

* ? *o^o Sfc, #B8B361-15499^fil::feifc£ti*:i£ 20 
[0 0 0 7] ?l?g?Sg75 s 900MPaJa±<O^?^S^* 
4&I8e*« U J; & »ttifij±7&«« L- < > »» 7 twitf 

$ X 44, v^t>^4, t-/<-V7f 

Pa W±<0]I5SR*»I«0»»*^ U is v » T (± , ±IB L «fc 
i4:H'f>, $ *«8HR<03 ISR54 $ «t 

tM&<4-5>, ^t>i9>&, 7>J r --77f>^tir4J:o 

KW" Lfzli n i)K »««<D»teO 
(±#»t?*4fcO|t*a*fcSftTv»4o fl6F*a^<0»a- 

ti*rfijfc4& 0 

[0 0 0 8] * 40 



4 4 i8#«¥o£«3 ISRtflfc-eii . iS«&«<05fiR £ 

•C* 0 . *RUSI«ogigi5ft$095%«rTia* «t 0 4® 
3^S-ft7) ? 4 £ ft£W±900MPaim±<7>iPl-C(i 4 
[0 0 0 9] lOiiiCti'f), $g*«*>«te3S:»o 

53~4^ftis «t r^ajEft*'* § ftT^4^o^^-e#> 
4. #%9J(i, ±l£Lfcee*4*?l5<OW«*>Pf*L., 5I5R 
Sfi $ t *ait3»* <> Kffiftfc x - * K»«!IK#*«f* 
T* § 4 , 900MPaJa±«Jfl*!i«3l#il«<O -> - Kit 

Sr» *-r 4 - 1 * § 6t) t -r 4 o 
[0 0 10] 

mm z mfc-t z>fat>. obik&t ^ * 

[0 0 11] *|feWli, ±EU?t*lJU;*^»'Cfl|*$ 
JifciWfASo -T4to*>, #H9i(±> : SOmti^L 

±, ?I5R5S $ T S : 900 MPa J^±ffi L < (i1180MPa 1>1 
TO900MPam±^)?l^«5fi*«1R* — ;u YT — 9 

SitMoSIIBWl (mm) , SSiHW2 (mm) t5^ 

(1) 55 
W2<WK0.45t 

(CCU, Wl : }§«£«<DfE®iH (mm) 
fiS<OXii (mm) , t : (mm) ) 

«l#»BfBt-*«t4»»^«OllfflB»S (mm2 

(2) ^ 

S/t 2 <0.4 (2) 

s : m%&fc<ommm (mm 2 ) , t :fli«#[ 

J¥ (ran) ) -eft-TftSSJEL, *>ojg»^*og|5R» 
?TSw (MPa ) ^ (3) 5t 



.... (1) 

w 2 : ?# 

) 



0.95TS+300 S/t 2 -135 <TSw <0.95TS 



(3) 



(C^tC, TSw : mte&WiWmikZ (MPa ) , T 

s : $mm\mkz (mp 3 ) . s : m%&m<ommm (m 

m 2 ) , t :mWBm (mm) ) -7 

-> - ju ft- ^ itg^fris «t vmm-t* mm v^^im 

[0 0 12] itz, *flWC»i, ffirfS**x ->-;w kt- 



RSTfeffrntL, ->-;UK*-X*. 5%Jil±<7)C02 

if Ar *>4VW±5%J^±<^C02 **X ^r-i-ti-Ar t 

H©<7)?S^-**X t U jf«ASi?:10-40kJ / /cnit-t4 C k 

S%T% C :0.07%WT, Si :0.2 -0.5 %, Ni : 2.5 
-4.0 Ti : 0.01-0.05%, 0 : 0.007 %M.T*'k 

$«btC x Mn, Cr, Mo, V, j3 J: t>'Cu<7) e>^lf 
ftfcl«*fcli2«Jtt±*^ (4) 5* 



Ceq= C +Mn/6+Cr/5+Mo/5+ V/5+Ni/15 +Cu/15 



(4) 



-3- 



5 

C:C, C, Mn, Cr, Mo, V. Ni, Cu : #7CiS<D^r 
S (gg%) ) "C5E«S*t4jK*S*Ceq*n)-80-1.10 

[0 0 13] itz* **W-e(i, «Tlfi900MPaW±^If ft 
BSSBfliPMR^ «4%T% C : 0.07-0-16%, Si !0.20 
%J^T> Mn!0.6 -1.2 96, P : 0.010 %WT, S 10. 
005% J^T, Cu : 0.5 %JSIT\ Ni : 1.0 -4.0 %, Cr : 
0.3 -1.2 %, Mo ! 0.3 -0.8 %, v : 0.01-0.1 %, 
Nb: 0.005 -0.03%, Al : 0.015 -0.10%, B : 0.0005 
-0.0020%, N: 0.005 %JaTS:##L. tikBFeteXZf 

[0 0 14] 

t : 50mmW±, 5l5fi3£ $ T S I 900 MPa fcLL#4 L < (4 
1180MPa BLT^)900IIPaJJl±jR*rt*a*SISfc-f*o * 

|fiJ±S**fc*, ffiffl1-4ii«<O3|^?£££900 MPa JEl 
±»4 L<(4l180MPa JftT*>IKHIURjg+*o 3ISS?iS£ 
TS/6 ? 900 MPa *P<Ot#^U(i, flSF»*JK^>tttt(4+» 

3l5g»$TS* ? 1180MPa ^Si^i:, 

KW±ti-4U(4iS»&«(0»K**W<i4fc^ 
**O«ttO|ai±3Wlllflp-C*«rv^ 0 
[0 0 15] ifc. *««*t*«50mm*»-e(4. flg^ffi 

ffli-49ooMPaw±a»ra^*a!«o»a^a«uov^ 

[0 0 16] C : 0.07-0. 16S*% (tIT, %tlE+) 

»4 U*«WC<40. 07% J3L±**+4 <Ori*a * L 
v^o 0.16%£igx_4^*(4, Ktt^fiTtitt 

<>Ufi:?a*JtL«$147&*l«^:i-4o Z<Dtzib^ C (40.07- 
0. 16%0|£Ht"f 4 4 Lv^ 0 

[0 0 1 7] Si I 0.20%WT 
Sil4, mkmtLXftmiT2>i>^ 0.20%*fflx.4<£-#(i 
Wtt&^ffLS^o Si «40.20%£IT fci"40 

Wil^o 4 *9fiPi L < (40.10%WTT*ab4o 

Mn : 0.6 -1.2 % 

a^»JS*»4fc*U, *f§WT*l40.6 %J2l±***-r 
^WiL^o —2k 1.2 %*fi*4^*(i}SF*Wfl: 
14£*i*-t4o Z<Otztf>* Mn(40.6 -1.2 %O^H,hi- 

[0 0 18] P : 0.010 %\XT 

PI4, 3&*^««fLttttS:*ftS*47C*-e*»3. "C* 
4«it1ft*1-40*«»* L^ 0 LtJ*U 0.010 %iT*(4 



(4) tf ffl 2 0 0 1 - 1 1 4 8 

6 

s : 0.005 %WT 

S(4, 56ffc»S:©*U if £f&T S*4 <h <h & C« 

JLv^o Lrt>U 0.005 %sr-(4fp#-e§4o 
[0 0 1 9 ] Cu : 0.5 %JJLT 
Cu(4, §HO»S***iP3^4S*T?*4rt*. #*UiSSP 

0.5 %tJLT^K3ci-4 0* f ai L^o 
70 Ni : 1.0 -4.0 % 

0 %Kl^ ? lH^o 4.0 %£i@;L4^* 

(4S5ffi35:Ni «r^ii:tt L«a»U>Ffl] k &4 G -<0 4 
^4rCk^<b, Ni(4l.O -4.0 %0>tEH 

[0 0 2 0] Cr : 0.3 -1.2 % 

%a±^ttSOi ? SiLv^ — 1.2 %£j@x_4^ 
20 *(4jg»affctt*if*$^4o :^fcA, Cr(40.3 -1. 
2 %O|£Hii"4<0A*itfS 

[0 0 2 1 ] Mo ! 0.3 -0.8 % 
Mo(4. ffiAftttOfa JiOft_ti3 4 ^Mftf^tf* K 4 
>)aioajKS:*iftlS-fr47c3R-C*i} r 0.3 
%H±0**WliLv»o 0.8 %£i@x.4^#(4 

^SWffctt 4 <, Z<Dtz#>, Mo(40.3 -0.8 % 

[0 0 2 2 ] V : 0.01-0.1 % 

JO *P§*4tc*T**«). *«WT*i4, 0-01%J^Ji6O^*7& ? 
SiU\ 0.1 %*rax4-&*i4«Ht*^ft-r 

4 Q o Z<Dtztb, VI40.01-0.1 %cOteHt-t4co^ ? 4f 

Nb I 0.005 -0.03% 

Nb(4, h&ittmitL. S&14£ft±£-tf4 

7C*T-*I9. 0.005 %«±^tt^OWilv^ 0 — 
^, 0.03%*Sx.4*^r(4ai4«r^fc:$-i5:4o 
a6, Nb(40.005 -0.03%O$EB £ f 40^«Fi Lv> 0 
[0 0 2 3] Al I 0.015 -0.10% 
40 AK4. HMItUftfflnkkti:, Nki*U B 

ffcU Btt*iai±§*47C*-C*l9, 0.015 %u±*# 
t^Wtf^L^o — 0.10%Srfix.4^*r(4r^^ 

AK40.015 -0.10%Oiitt^OWJLv^ 0 
[0 0 2 4] B : 0.0005 - 0.0020% 
Bi4, ^*o#*^«Aittt*i«SPSHi:47C*-e*«3, 
*f&^T*(40.0005%^_LO^*r^Mi Lv> 0 — ^ 0.00 

20% *gx.tt* lt i>%txtiit<Dm±i±mm L^*g 

50 U*-fr^**3WI!f»-C*«rv^o BI40.0005- 
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(5) 



mm2 001-1 148 



8 



o.oo2o%<oten t-t i><o^mi Lv^ 0 

[0 0 2 5 J N : 0.005 %&T 

N(4, BO&Afrtt*BTS-*&5c*-C*'), r~£Z,fS 
ltfi«-t4<DA f _i3: L^A ? 0.005 %i-e<4B*_f-c_;4o 

[0 0 2 6] ±IEL «I??>900MPa 

(5 , BflBJBtt^H 1 Ujjt-T 4 •? &&MftOj_&|_#*fl: 
St4. i_4S*¥»«>KriW&lfcli, **&*Ojli_i(_W 70 
1 (mm) , Si(gW 2 (mm) ( 1 ) * 
W2<WK0.45t (1) 

(..etc, wi : m&£m<nmwi& (mm) , W2 :?t 
«#®<0«Silig (mm) , t : mWSM (mm) ) ^TiffiJS. 
L, S?>U, i#«#^<7)W®»S (mm 2 ) (2) * 
S/t 2 <0.4 (2) 

U-U, S : fttt&KOlfIB* (nm 2 ) , t : m®M 
m (mm) ) £, SrW3&|*fc-r*o ft** 

W 2 A*0. 45 t JtlLJi-eC±', fe&£%,WV>®tt> t jZ £ < & •) , 20 

«#ffi9MC«niMKauK 4 0 ft* HI t & * • * fc, if 
JKOBfH»S7i«*:S (2) :££iSi;£L&< £4 

it«^o_f®B«(± (1) , (2) 5££ii55)_-t4 

tz 0 i®&£m<7>wmzm- i ( 1 ) , ( 2 ) 
-r%t>*>wi?citm. Ajft*oaiF»*it, *^r-? 



*_t-f4cD7i ? flP£ L^o _<U, BBSfeJ&RfcftRI* (10* 
BIT) -i-*C-* s ±ie (1) , (2) 5*; 4 

[0 0 2 7 J <§*7j£l4, K7-?)1SWo 

*>, (mag) **v»j*5^ (mig) m& 

wfJHfflt**^^ (MAG) 

Hg£ftg10° WTWi L< (4 5° WJ_OU3_, *4v»(± 
WfcfcJSlO' JiT»iL<li5° ia±«v_tt4ni« 
»*Lv\, PI— »JlUi}lt*'^»(4, 4 

0 #4 L < 14 2 /<XJilT t i--&<7)^ig«^On n nK^ 4 

[0 0 2 8] itz. i&felt. 's-A> VifXt LT, 5% 
(vol %) tJLJ_<OC02 #"x£-_rtrAr#'X, &4v>(4 5% 
W±(75C02 #X£^tMr _He^?l^:#''X£ffl^, : 
15-35V, IS : 110 -350 A, itSiSS : 20 - 35cm/m 
in. m&Xm I 10~40kJ/cmti-4MAGi$S_i-43» f 
IfiL^ MAG^Smi-W, 0iJx.l4M I Gjg^t LT 
<>J:v»__(iv^4fti^ 0 C02 *'Xco-§rWS 

<4}£#iiI144s 4 y f »«*:fiBHf__o«.«7j><b 5 %JHU_«F 

1 L < (440%JaTT-**o 5 o /oJ-J.±<7)C02 2fX £ 
-irtfAr t He<7) *"XOi#-g- 1^(4. 8_-_ri-4He<DS(4 5 
-30% (vol %) O|gHt-r-_C0A ? }t«i_Xl4<7)SI*.^ 

[0 0 2 9] ?f>i:> ^HWC(4, S«__JKO§ 19196$ 
TSw (MPa ) * f (3) 5t 4 9 ->-^K 



0.95TS+300 S/t 2 -135 <TSw <0.95TS 



(3) 



u^ic tsw : mm&mwm&z (MPa ) , t 
s : Mw.e>5m&z (MPa) , s : m&&m<vwmm (m 

m 2 ) , t : (mm) ) 

co? |?RS6 $ T S w A*, (0. 95T S + 300 S/t 

2 -135 ) WT-ciiflSFsat^aosiasasj&'sisosiai 
5££4 &4„ fl_»__JKogigia$TSw ** 

0.95T SfiL±nia*«__«0«l__3&**ft-r4o 

^__*09l»„&$TSw _• (3) S?riJ£tl.i 
Ti:tW4„ «f»__«og|_iai$Sr (3) S^riS? 

Ceq= C + Mn/6+Cr/5+Mo/5+ V/5+NI/15 +Cu/15 
Mn, Cr, Mo, V, NU Cu : #7C*<7)_r* 40 iL<^4 c 



50 [0 0 3 0] *l_WT-ffiffli-*i§«7'f'^(4 > ±IE 

(i) - (3) *taue.i-4»tt__«*JKja-e#K4 i 

4i#«7'f^<7)a^(4, fi%-C, C :0.07%1J.T, S 
i : 0.2 -0.5 Ni : 2.5 -4.0%, Ti : 0.01-0.05 
%, O : 0.007 %VXT*^fr, $<bt-, Mn, Cr, Mo, 
V , H 4 tf'Cu<7> -7 *> ti*h MIS fltz 1 « i tz (4 2 «JJ.± * 
'-k (4) 



(4) 



* (Kfi%) ) T-5e*£;ft&^_S*Ceq^0.80-1.10 

[0 0 3 1] 8W*7-f ^Offc^A^RjesfcUoviT 
C : 0.07%JilT 

ci4, mm&m<ommzm\i2-£2>7tmr-$>2>i)^ 0.07 
% * m z. *> _r* 14 , «_t*«__Ti- * - 1 1 k 

S14^li^:1-4o Z\<Dfztt>, CI40.07%JJ.Tt-r4«0^ 



^fS<0®KS:»4^ii)(C(4, 0.02%lJ.±t 
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-r4<7)A s 4 0»i Lv>„ 
[0 0 3 2 ] Si : 0.2 -0.5 % 

si (4, Ktt»fc*t_^r&fc7_*-e*«„-*, 0.2 
0.5 ate&Kowtea^L 4 o 

Z<Otzlt>, Sil40.2 -0.5 %WfiitaWffiL 

[0 0 3 3] Ni : 2.5 -4.0 % 

Ni (4, i_^£SI<DS!Sl4£|6]±$-_-47_f5?T-*lK 



-5- 



(6) 



3faoiaitSr5S«r*#iv^ 0 — 15, Ni£4.0 % 
fiitttt^t, **W(-*3«t*«t -5 &900MPaW±O 
3 S £ £ ««&JRT-(i«ltt (±*- x. o Tf&Ti" 
& G ZOtztb* Ni(i2.5 -4.0 %OigB<i:-r&<7)7W4 

[0 0 3 4 ] Ti : 0.01- 0.05 % 

# s * * x*t * & >6\ o. oi %5fcm *>**t? (ifoa* 

tt^ftv^ ifc, 0.05 %£igx.£^W(i, i&»£JRO 70 
«M4£|g:TS-££o ^<DtzHb, Ti(i0.01- 0.05 %OiS 

Ceq= C + Mn/6+Cr/5 + Mo/5+ V/5 + N 
(::C, C, Mn, Cr, Mo, V, Ni, Cu : #7C^<7)-a* 
S («*%) ) 

(4) S:ott-*tli, #*L^^tc 

[0 0 3 7] Ceq* ? 0.80*«-C(i, iffi^IffigO?^ 
fcv* 0 1-10*jBx.*4:«8tt*«a*^ 

*f&W"C(i, Mn, Cr\ Mo, V, Cuii, CeqM).80- 

»K **+*»*U(±, 1.5 -2.5 %&±t-rz><7)&u 
iLv\> L*»U 1-5 %*»-C(±, 

2.5 %tiBx4*tli, Btt^ftTtittti: 

[0 0 3 8] Cr(i, ^&*^»**i»tra$***ab4: 
7C*T**0x 0.7 %BL±t"T*0** 

«f£Lv\, 1.5 %*jBx.&##IJ. «ltt**fiTi- 30 

fi, 0.3 %£l±tt*^«ffiLv^ 0 — *^ 1.0 %£® 

[0 0 3 9] V(i, ^*0^*PT*j#S^JK<7)5S*S:«*P 
$^*x?rc&iK #*-r^>*I^Uii, 0.02%WTk1~ 
^Wffil^ 0.02%*«x***t±. «tt* f 

ti. 0.1 %£l±ki-403ft«Sf- £ tv^o — 0.4 

tttt**fiT-r*o ±EL7trCu*(±7 

[0 0 4 0] *«7>f -VfdU ±fBL7t*»Jaj^O»»(i 



^2 0 0 1 - 1 1 4 8 



JO 



■ [0 0 3 5] O : 0.007 %&T 

"c^^^fitiaM-t^o o^sm).oo7 

0.007 %JAT(^ffi5ci"^>0* t »S Lv> 0 Mn, Cr, Mo, 
V , J: OXuco o % h Mlftitz 1 m i tz (i 2 «&_t * 
j^m^lCeq I 0.80-1. 10OjlHT^*-r^o 
[ 0 0 3 6] Mn, Cr, Mo, V, Culi, ^-ftLfc, 

(±2aj^±*iliRL, Ceq : 0. 80- 1 . lOOtEBT^WC 
Ceqti, (4) ^T'^^^^o 

i/15 +Cu/15 (4) 

T, P, S, NSrTEOJ:^Ul&«+*0***f*L^o 

#>ai : o.o8jy.T^*uri ctv^ 0 

P : 0.007 %tJLT 

/ittf&iSt^^ffilv^ P^tiM).007 

&<h, ttttO*ft*q[FL < zcotzft, PliO.007 

[0 0 4 1 ] s : 0.007 %J£TF 

v^o S^a^ ? 0.007 %$r@x.^>«h. «ttO*fb**«L 
<44o Z<Otz#>, SiiO.007 %J3lTki-40*«»*L 

N : 0.007 %J^T 

IWISt^eitt^^tS^r^o Z<Dfz#>* NliO.OO 
7 %JBLTk"t*o*««F i 
[0 0 4 2] 

l&t&m] *1 («)*50 - 200mm ) {1 

mxti-mmu «u 5igi5fiS9ooMPaja± 

^«flSF»*tfv^«»«t^Srft»Lfco ?S»i5feJ±, Ar-CO 
2 rl^*^. ab^v^iAr-He-C02 rl^^Srv-^K 

1"o J^«*ft2 (iA^*^ ? 40kJ/cm 

10-40kJ/cm 0«W5:A«fe*fr«:^*l4o 
[0 0 4 3] 
[*1] 
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ttB 2001-1148 



11 



12 



can 



No 


<t ?t & & cea%) 


c ! Si 


Mn | P 

i 


s 


Ai 


Cu 


Ni | Cr 


Mo 


V 


Nb 


B 


N 


A 


0. 11 


0. 10 


0.87 0.006 


0. 001 


0. 060 


0. 25 


2. 00 


0.55 


0.55 


0.05 


0.015 


0. 0010 


0. 0030 


B 


0. 13 


0. 10 


0. 90 | 0. 005 


0. 001 


0. 055 


0. 25 


3. 80 


0. 55 


0.55 


0. 05 


0.015 


0.0011 


0. 0030 


C 


0. 15 


0.10 


1. 30 1 0.006 0.001 ; 0.060 j 0. 25 


2.00 


0.55 


0. 70 


0. 05 


0.015 


0. 0010 | 0. 0030 



[0 0 4 4] 



10 [S2] 



it ¥ & & <xmx) 



No 


C 


Si 1 Mn 


P 


S j Cu j Ni i Cr 


Mo j Ti 


Al * V 


N 


0 


Ceq 


1 


0. 025 


0. 40 


1.60 


0. 003 


0.004 | 0.25 


3.05 


1.30 


0. 50 


0.015 


0. 025 


0. 002 


0.0035 


0. 0040 


0. 87 


2 


0. 035 


0.31 


1.90 


0.005 


0.003 


0.35 


3. 02 


; 1.05 


0. 49 


0.022 


0. 030 


0. 004 


0. 0040 


0. 0023 


0. 89 


3 


0.035 


0. 35 


1.85 


0. 004 


0. 002 


0. 22 ( 2. 95 


1. 05 


0. 70 


0. 029 


0. 056 


0. 003 


! 0. 0051 


0. 0025 


0.91 


4 


0.044 


0. 40 


1.85 


0. 003 


0. 002 


0. 30 


3. 33 


1.22 


0. 40 


0.031 


0. 028 


0. 002 


0. 0063 


0. 0025 


0. 92 


5 


0. 048 


0. 48 


1. 80 


0. 002 


0. 006 


0. 40 


3. 30 


I. 22 


0. 45 


0. on 


0. 047 


0. 001 


0. 0022 


0. 0058 


0. 93 


6 


0. 045 


0.28 


2. 40 


0. 006 


0. 003 


0.31 


3.00 


0. 93 


0. 40 


0. 020 


0. 050 


0. 002 


0. 0028 


0. 0063 


0.93 


7 


0.055 


0. 35 


2. 00 


0. 005 


0.002 


0.29 


2.90 


1.25 


0. 40 


0. 025 


0. 033 


0. 005 


0. 0061 


0. 0060 


0.93 


8 


0. 028 0. 44 


2. 00 


0. 004 


0.004 j 0.20 


3. 50 


0. 90 


0. 80 


0. 033 


0. 026 


0. 006 


0. 0054 


0.0045 ! 0.95 


9 


0. 050 


0. 26 


2.31 


0. 004 


0. 003 


0.34 


3. 40 


0. 95 


0. 45 


0.012 


0. 040 


0. 003 


0. 0024 


0. 0030 | 0. 96 


10 


0. 060 


0. 29 


2. 25 


0. 003 


0. 003 


0. 30 


3. 45 


1.05 


0. 40 


0. 035 


0. 035 


0. 004 


0. 0018 


0. 0037 


0. 98 


11 


0.018 


0. 45 


1. 65 


0. 005 


0. 002 


0. 38 


2.85 


1.00 


0.35 


0.035 


0. 069 


0. 001 


0. 0015 


0. 0033 


0. 78 


12 


0.070 


0. 50 


2. 40 j 0. 007 


0. 003 


0. 19 


3.05 


1. 30 


0. 90 


0.015 


0. 040 


0. 003 


0. 0040 


0. 0056 


1. 13 



[0 0 4 51 30 [Jt3] 

«3] 



* « £ # 


No 


HE (V) 


(A) 


j^^(cm/min) 


(kJ/cm ) 


m( V ) 




1 


20-25 


150—250 


25-30 


15 -25 


75 


lOXCOa-Ar 


2 


25-35 


200-350 


15—20 


35 —45 


75 


10XCO»-Ar 


3 j 20-25 


150-250 


25—30 


15 -25 


75 


10XC0 2 -5KHe-Ar 



[oo4 6] ztibnmsm&frbtmKiWBLL. m 

(1) ®&£m<ommmi 

(2) 9l3SRfft 

m&m^Ufrb. jis z 3i2ncM^?tL-sjis l-tsisg 



K4r**fco ttz* ffl&&*+*MfrbJ\S Z 3111K* 
7Ei-&JIS A2*3ISRK«M-«r««lL»»&««>5iaaijK 

(3) ffVtttt 

JIS z 3iinca5ff -sv^^^-wsk^m- (JIS 4-f- 
itm.L. -20 rufctt^. 

[0 0 4 7] Cilf>wei**4Cft, £Jo\ §I3S# 

ttoiFfiii, mmwms <ts> v\±.<n>m^\ms>%. 

11, -20 "ClCiJtta v-V^V^-tRlR^^OU^- (v 
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(8) 



2 0 0 1-114 8 
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E-20 ) 7i*70J ll±(OW\ti:^Lfzi>(D^O, 
£x t Ltzo 

UH - 1 ] 
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No 


So 


g»n 


TS( MPa) 


No 

1 


031 


No 


tK: e 


W 1 
nm 


W 2 
no 


(1) i£ 
* 


! s 


1 S/: 1 


(2) it 
** 


TSw 
MPa 


(3) it 
*** 


MPa 


is 


V E -20 
J 


fig 




1 


A 


50 


900 


h 


-.2 


1 


U. 8° 


18 


12 


O 


760 


0. 30 


o 


815 


O 


920 


o 


150 


o 




2 


A 


50 


900 


: 2 


1. 2 


1 


U. 8° 


22 


12 


o 


880 


0. 35 


1 o 


840 


o 


905 


o 


140 


o 




3 


A 


75 


960 


5 


1.2 


1 


U. 8° 


23 


15 


o 


1460 


0. 26 


i o 


900 


o 


975 


o 


125 


o 




4 


A 


50 


980 


4 


1.2 


1 


V, 8° 


18 


10 


• o 


725 


0. 29 


1 o 


890 


o 


1000 


o 


130 


o 




5 


A 


50 


9S0 


6 


1.2 


1 


U. 9° 


22 


14 


o 


930 


0. 37 


o 


915 


o 


1010 


o 


115 


o 




0 


A 


75 


980 


3 


1. 2 


1 


V. 7° 


22 


15 


o 


1400 


0. 25 


o 


875 


o 


985 


o 


135 


o 




7 


A 


75 


980 


8 


1.2 


1 


U. 6° 


22 


15 


o 


1400 


0. 25 


o 


930 


o 


1015 


o 


120 


o 




8 


A 


75 


980 


6 


1.2 


1 


V. 7° 


28 


15 


o 


1630 


0. 29 


o 


915 


o 


1008 


o 


115 


o 


9 


A 


75 


980 


7 


1.2 


1 


V. 10° 


33 


15 


o 


1825 


0. 32 


o 


925 


o 


1000 


o 


110 


o 


10 


A 


75 


980 


6 


1.2 


1 


V. 9 6 


32 


26 


o 


2195 


0. 39 


o 


915 


o 


995 


o 


115 


o 


11 


A 


100 


980 


3 


1.2 


1 


U. 6° 


24 


10 


o 


1750 


0. 18 


o 


875 


o 


990 


o 


135 


o 




12 


B 


100 


980 


6 


1. 2 


1 


V. 7° 


33 


15 


o 


2500 


0. 25 


o 


915 


o 


1010 


o 


115 


o 




13 


B 


200 


980 


5 


1.2 


1 


V. 6° 


39 


16 


o 


5550 


0. 14 


o 


900 


o 


1015 


o 


125 


o 




14 


B 


75 


1080 


9 


1. 2 


1 


U. 8 e 


22 


15 


o 


1450 


0. 26 


o 


970 


o 


1105 


o 


80 


o 




15 


A 


75 


1070 


10 


1.2 


1 


U. 8° 


33 


15 


o 


1920 


0. 34 


o 


985 


o 


1100 


o 


75 


o 
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8Jt 3d 
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No 


No 


cm 


! TS( MPa) 


No 


3UD 


No 


tt: * 


W 1 
mm 


W2 


(1) St 
* 


\ s 

firm ' 




(2) st 


TSw 
MPa 


(3) xt 
*** 


MPa 


m 


V E -20 

J 






16 


A 


50 


900 


1 


1. 2 


3 


U. 8° 


18 


12 


o 


760 


0. 30 


o 


816 


o 


922 


o 


148 


■o 




17 


A 


50 


900 


2 


1.2 


3 


U, 8° 


22 


12 




880 


0. 35 


o 


838 


o 


907 


o 


142 


o 




18 


A 


75 


960 


5 


1. 2 


3 


U. 8* 


23 


15 


a 


1460 


0. 26 


o 


895 


o 


977 


o 


120 


o 




19 


A 


50 


980 


4 


1.2 


3 


V, 8° 


18 


10 


o 


725 


0. 29 j O 


893 


o 


1005 


o 


128 


o 




20 


A 


50 


980 


6 


1. 2 


3 


u. r 


22 


14 


o 


930 


0. 37 


o 


918 


o 


1013 


o 


112 


/—> 
w 




21 


A 


75 


980 


3 


1.2 


3 


V. 7° 


22 


15 


o 


1400 


0. 25 


o 


880 


o 


990 


o 


130 


o 


■J! 


22 


A 


75 


980 


8 


1. 2 


3 


U. 6° 


22 


15 


o 


1400 


0. 25 


o 


925 


o 


1018 


o 


125 


o 


23 


A 


75 


980 


6 


1.2 


3 


v. r 


28 


15 


o 


1630 


0. 29 


o 


910 


o 


1005 


o 


118 


o 


24 


A 


75 


980 


7 


1.2 


3 


V. 10° 


33 


15 


o 


1825 


0. 32 


o 


920 


o 


1000 


o 


108 


o 


25 


A 


75 


980 


6 


1.2 


3 


V. 9* 


32 


26 


o 


2195 


0. 39 


o 


918 


o 


999 


o 


112 


o 




26 


A 


100 


980 


3 


1. 2 


3 


U. 6° 


24 


10 


o 


1750 


0. 18 


o 


870 


o 


985 


o 


138 


o 




27 


B 


100 


980 


6 


1. 2 


3 


v. r 


33 


15 


o 


2500 


0. 25 


o 


913 


o 


1012 


o 


117 


o 




28 


B 


200 


980 


5 


1.2 


3 


V. 6 a 


39 


16 


o 


5550 


0. 14 


o 


905 


o 


1017 


o 


126 


o 




29 


B 


75 


1080 


9 


1.2 


3 


U. 8° 


22 


15 


o 


1450 


0. 26 


o 


972 


o 


1108 


o 


82 


o 




30 




75 


1070 


10 


1.2 


3 


U. 8° 


33 


15 


o 


1920 


0. 34 


o 


988 


o 


1102 


oi 


74 


o 
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**)S/t» <0.4 -(2) O : (2) it^S^-S. x : (2) 3**»J£Ltt^ 
*») 0.95TS+300S/t l -135<TSw < 0. 95TS -»(3) Q: (3) x : (3) 5t*«SJELttU 
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tSr B3 














No 


No 


m 


TS(MPa) 


No 


m 


No 


#C : 5 


Wi 
am 


W2 
m 


(1) 5* 
* 


S 

HE) 2 


S/t 2 


C2) 3 
** 


MPa 


(3) 5$ 
<** 


MPa 




v E-to 
J 






31 


A 


50 


900 


11 


1.2 




U. 6° 


20 


12 


C 


820 


0.33 


C 


800 


X 


885 


X 


145 


O 




32 


A 


50 


980 


:2 


1.2 


1 


U. 6° 


20 


12 


, c 


820 


0.33 


c 


1005 


X 


1015 


O 


55 


X 




33 


A 


50 


980 


' 8 


1.2 


2 


U. V 


25 


15 


X 


1000 


0. 40 


X 


925 


o 


930 


X 


110 


C 




34 


A 


50 


980 


3 


1.2 


1 


V. 12° 


32 


12 


X 


1200 


0.48 


X 


929 


X 


935 


X 


120 


o 




35 


A 


75 


S80 


12 


1.2 


1 


V. 8° 


22 


15 


O 


1405 


0.25 


O 


1000 


X 


1000 


o 


55 


X 




36 


A 


75 


980 


5 


1. 2 


2 


V, 10* 


33 


18 


o 


1935 


0. 34 


o 


885 


X 


940 


X 


130 


Q 




37 


A 


75 


980 


6 


1.2 


1 


V. ll a 


36 


22 


X 


2230 


0. 40 


X 


920 


c 


930 


X 


110 


C 


it 


38 


A 


75 


980 


9 


1.2 


2 


V, 5* 


32 


34 




2505 


0. 45 




930 


c 


935 


X 


120 


O 


IX 


39 


C 


200 


980 


9 


1.2 


1 


U. 6° 


39 


16 


c 


5590 


0. 14 


o 


990 


X 


1015 


c 


60 


X 




40 


A 


75 


1080 


12 


1.2 


2 


U.12° 


35 


15 


X 


1955 


0.35 


Q 


995 


c 


1020 


X 


60 


X 




41 


B 


75 


1180 


9 


1.2 


1 


u. r 


28 


15 


o 


1630 


0.29 


Q 


970 


X 


1010 


X 


80 


O 




42 


A 


75 


980 


7 


1.2 


1 


U.13° 


37 


15 


X 


2010 


0. 36 


o 


925 


o 


932 


X 


no 


O 




43 


C 


75 


1080 | 


10 


1.2 


1 


, r 


28 


15 


o 


1665 


0. 30 


o 


1090 


X 


1105 


o 


45 


X 
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